ABSTRACT. The biostratigraphical distribution of deep-sea (>1000m) Palaeocene to Recent benthonic Ostracoda, based on nannofossil NP and N N zones is presented. By excluding very rare species and those represented by juveniles, I84 species are used in constructing range tables from a total fauna for the interval of 230 species. The vertical distribution of these specimens clearly allows of the recognition of all the major stratigraphical units within the Cainozoic and is also sufficiently precise todistinguish most of the nannofossil zones. The principal criteria employed are the first and last appearances of taxa. While eminently possible to create a series of ostracod zones, it is argued that they are best employed in the recognition of particular levels within the existing nannofossil scheme. The interpretation of the range tables is complicated in places by large numbers of Lazarus taxa and also by the fact that many of the 'originations' actually record the arrival of immigrants from the Indo-Pacific.
INTRODUCTION
Although the Cainozoic Ostracodaof the North Atlantic remain imperfectly known, compared with contemporary faunas from other ocean basins, they are relatively well documented. The Recent fauna was first studied by Brady (1880) using material collected by the Challenger-expedition. This work was followed by that of Brady and Norman (1 889) . Tressler ( 194 1) studied the ostracods from a transect across the North Atlantic, and Davies ( I98 1 ) considered the Recent faunas of the Rockall Trough. Van Harten ( 1990) reports the discovery of many new taxa from the eastern slopes of the mid-Atlantic Ridge.
The principal studies of North Atlantic Tertiary and Quaternary ostracods are by: Ducasse and Peypouquet (1979) on the DSDP Leg 48 sites from the Rockall Plateau and the Bay of Biscay: Guernet (1982) on the Palaeocene and Eocene faunas of DSDP Site 390 in the Bahanma Basin; Cronin and ComptonGooding ( 1987) on Eocene, Oligocene and Plio-Pleistocene faunas of DSDP Leg 95, from off the coast of New Jersey; and Whatley and Coles (1987) who studied the late Miocene to Quaternary ostracoda of DSDP Leg 94 in the central North Atlantic. Other important studies are by Harpur (1983, who studied Quaternary ostracods from cores off the entrance to the Mediterranean, and Porter (1984) who studied Quaternary ostracods from the northern North Atlantic. Coles and Whatley (1989) describe many new taxa from the Palaeogene and Miocene of the area.
Although Whatley and Coles (1 987) published range charts illustrating the biostratigraphical distribution of ostracods for the late Miocene to Quaternary (NN 9-21) interval, patchy and incomplete sample coverage has hitherto precluded this being achieved for the entire Cainozoic. However, recent studies of the Palaeogene and Miocene faunas of DSDP Legs 80 (sites 549,550) and 82 (sites 558,563) by and Coles and Whatley (1989) allow the compilation of a comprehensive North Atlantic ostracodrange chart for the complete Cainozoic. Using this database, it is also possible to study fluctuating diversity patterns and extinction and origination rates throughout the interval.
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The locations of the DSDP sites we have studied are shown in Fig. 1 . More than 300 samples from 10 DSDP sites were analysed and, in addition, data from NATO cores and other samples of Quaternary age were also incorporated. Most of these are detailed by Whatley and Ayress (1988) . Data on site locations, water depths and stratigraphy are given in Appendix 1. All the ostracods, Recent and fossil are from water depths greater than 1000m.
BIOSTRATIGRAPHY.
Although a total of 230 species were recorded from the entire Cainozoic of the North Atlantic, in the compilation of the range charts we have reduced this number to 184 species belonging to 57 genera, and these are listed in generic order in Appendix 2. All the taxa are essentially benthonic; the majority are epifaunal, some are infaunal and a few are benthonic swimmers. The reduced number of taxa was arrived at by adopting the following procedures: i) eliminating all shallow water contaminants, ii) eliminating unique or exclusively juvenile occurrences, iii) eliminating all species which lack a fossil record. This excludes many thin-shelled taxa belonging to the Bythocyprididae, Cypridacea and Paradoxostomatidae which, to date, have been recorded only from Recent sediments.
The stratigraphical ranges of all 184 species, in terms of nannofossil zones, are given in Fig. 4 . This demonstrates the Location of sites studied in the North Atlantic, DSDP SITES facility with which all the major classical divisions and subdivisions of the Cainozoic can be readily recognised on the basis of their ostracod faunas. Fig. 4 . also demonstrates that it would be possible to erect a series of independent ostracod zones. However, the authors believe that their greatest use is in identifying stratigraphical levels within the existing nannofossil zonation scheme. Most of the NP and N N zones are capable of recognition, mainly on the basis of the first and last appearances of ostracod species. Although some species have fairly short ranges, others range through long intervals of the Cainozoic. An additional complication is the fact that some species temporarily disappear from the record, only to reappear higher in the section. These Lazarus taxa complicate the interpretation of Fig. 4 , because it is not possible to determine whether their transitory absences are brought about by environmental changes, or by inadequacy of sample size. We suspect that it is a combination of both. Certainly, sedimentary dilution and the relatively low incidence of ostracods in most bathyal and abyssal environments, coupled with the small size (50ml) of DSDP samples, can cause underrepresentation or absence of taxa.
From Fig. 4 it is possible to calculate the extent to which the diversity of the North Atlantic deep water ostracoda and their rate of taxonomic evolution have fluctuated throughout the Cainozoic. This is expressed numerically in Tables I and 2 
DIVERSITY
Because of the large number of Lazarus taxa, a distinction has been drawn between recorded and cumulative diversity. Cumulative diversity discounts temporary absences (however long) so that, for example, a species actually recorded in NN 10 and "17, but not in the intervening zones is, nonetheless registered for those zones only. Recorded diversity registers species in those zones from which they have been actually recorded. In a study of this sort, and especially one dealing with Ostracoda, which in the deep-sea are often of low or very low incidence, cumulative diversity is probably a more reliable and meaningful index of true diversity fluctuations than recorded diversity. By this means, it is hoped that biases caused by sample size, taphonomy and sedimentary dilution, etc. can be minimised. Fig. 2 plots both cumulative and recorded specific diversity. The former rises rather slowly through the Palaeocene, but much more steeply through the Lower Eocene. In the Middle Eocene, from NP 14 to NP 15, there is a particularly marked rise in diversity by 62%. With the exception of asingle fall (from NP 16 to NP 17), diversity continues to rise through the Upper Eocene to a Palaeogene and Cainozoic maximum in the Upper Oligocene (NP 23). From its acme, cumulative specific diversity declines steeply through the late Oligocene into the early Miocene (NN I), after which there is a very shallow decline to the Upper Miocene (NN 10). From this post-Palaeogene low, there is an irregular overall increase through the Pliocene into the post-Palaeogene maximum in the late Quaternary (NN 2 I). This late Quaternary diversity high is, to a certain extent, accounted for by the high level of research activity in this zone (Porter, 1984; Harpur, 1985; . Similarly, the diversity decline into the Recent, despite the preservation of delicate taxa not readily fossilised, is a product of relatively little study of modem faunas. More extensive sampling of Recent sediments will surely reveal many, as yet unrecorded Quaternary species.
As shown in Fig. 2 , recorded specific diversity, while following the same general trends as the graph for cumulative diversity, is subject to abrupt fluctuations, especially in the Neogene and Quaternary. These fluctuations reflect both sample biases and the generally longer duration of NP compared to NN zones.
The steep rise in diversity through the Palaeogene is clearly indicative of the newness of the deep water environment at this time in the North Atlantic and of the increasing sophistication of ostracod assemblages as more and more niches are occupied. This is clearly reflected in the generally low level of extinctions I'CIWS originations during this interval. As discussed below, much of the diversity increase is caused by immigration into the area, down a diversity gradient, from the Indo-Pacific. Down diversity gradient migration, where emigrants enter environments characterised by reduced competion, may be expected to continue apace until competition levels rise after which migration will decrease and extinction increase.
After maximum diversity had been achieved in the midOligocene, the factors discussed above brought about heightened extinction levels. The essentially level diversity of the Miocene is not an artefact of the data but represents the increasing stability of the benthonic ecosystem and of the role of the Ostracoda within it. 
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Further evidence for these conclusions is provided by the data for mean diversityper stratigraphical division in Table 3 .
EVOLUTION: ORIGINATIONS AND EXTINCTIONS
The origination and extinction of deep water North Atlantic ostracod species throughout the Cainozoic is presented in Fig.  3 and it can be seen that the level of evolutionary activity fluctuated considerably. Many (probably most) of the originations do not record the evolution in situ of species. Rather, they record the arrival in the areaof immigrants, mainly from the Indo-Pacific but also from the Caribbean. The extinctions are, however, probably real enough, although some, no doubt, record emigration of species from the area.
Originations outnumber extinctions throughout the Palaeocene. Indeed, no species become extinct until the uppermost Palaeocene (NP 9). There is a large origination peak at the base of the Lower Eocene (NP lo), but the highest origination level for the Palaeogene (and also the Cainozoic) occurs in the early Middle Eocene (NP 15). This is followed by a marked reduction in originations into the late Middle Eocene (NP 17), after which there is an irregular rise in the rate to NP 21, followed by a general, but irregular decline and finally a marked reduction in the uppermost Oligocene (NP 25). Lower and Middle Miocene originations are generally low. They almost double into the Upper Miocene but suffer a further marked decline in the latest Miocene-earliest Pliocene (NN 12, 13). There is a Lower Pliocene peak in NN 14 and an Upper Pliocene peak in N N 17; these are followed by a trough in N N Apart from the late Quaternary peak, Fig. 3 clearly shows that speciation was generally highest in the Palaeogene and this is also shown in Table 4 . While the relationship between evolutionary activity and extrinsic events is considered later, one reason for high origination levels in the Palaeogene, relative to the Neogene, is the consequence of the existence of opportunities for ostracods to expand into and colonise the newly created North Atlantic ocean floor. Less opportunities existed in the Neogene and this is reflected in the generally lower originations. This is illustrated even more clearly in Fig.  3 , which also shows that, prior to the Upper Oligocene (NP 23), originations had always exceeded extinctions. Subsequently, there is generally more parity between the two and extinctions commonly exceed originations.
The maximum Tertiary extinction peak occurs in the uppermost Oligocene (NP 25), a time when many Palaeogene species disappeared. Other peaks, usually separated by troughs, occur in the Eocene (NP 10, 13,16), the Miocene NN 2,2,9, 1 1, 12) and the mid-Pliocene (NN 15, 16). There are two Quaternary extinction peaks, NN 19 and NN 21. The latter may largely reflect the lack of research on the Recent fauna.
Many of the extinction peaks immediately follow peaks in originations, although at other times they coincide. The former case is well illustrated where the origination peak in NP 10 is followed by an extinction peak in NP 13. Other examples are: NP 15 followed by NP 16, NP 21 followed by NP 23, NP 24 followed by NP 25, NN 1 and NN 2, NN 1 1 and NN 12, NN 17 and NN 19. Whatley ( , 1988 
and Whatley and Coles

Fig. 4. Stratigraphic Distribution of Cainozoic Deep Sea North Atlantic Ostracoda
(1987) noticed a similar lag effect in the relationship between origination and extinction peaks in the Mesozoic and late Cainozoic respectively. It seems related to the inability of existing species to compete and survive alongside new species.
THE COMPOSITION OF THE FAUNA
The bathyal species which make up the North Atlantic Palaeocene and Lower Eocene ostracod faunas, have been shown by Coles et al. (1990) to belong to genera which, essentially, are survivors from the Cretaceous. Indeed, with the single exception ofAgrenocythere which, according to Benson (1972) evolved from the Upper Cretaceous Oertliella, all the Palaeocene and Lower Eocene genera also occur in the Upper Cretaceous. These faunas, therefore, strongly resemble those of the Chalk of Northwest Europe, particularly of the Netherlands (Bonnema, 1941) and East Germany (Herrig, 1966 (Alexander, 1929; Maddocks, 1985) and West Australia (Bate, 1972; Neale, 1975) .
The Palaeocene and Lower Eocene faunas already contain such cosmopolitan genera as Krithe and Argilloecia, shown by Whatley (1983) to belong to a Cretaceous wave of introduction into the deep-sea, and soon, in the case of the former genus, to become the dominant genus in all ocean basins.
The most significant appearance of psychospheric genera and species occurs in the Middle Eocene, particularly in NP 15. .-nas closely resemble those of the Middle Eocene but several additional psychospheric genera appear in the Oligocene, notably Bradleya and Poseidonamicus, these being among the earliest trachyleberids to reach the North Atlantic in their migration from their Australasian locus of introduction into the deepsea (Whatley, 1983; Whatley, et al., 1983 Whatley, et al., , 1984 Whatley, et al., , 1985 . Many typical Palaeogene taxa are eliminated by the very marked late Oligocene extinctions. Notable among the casualties are Phacorhahdotus, Bathypterocythereis and most species of Bairdia, Bairdoppilata, and Cytherella. Most genera, however, survive the essentially stepped Oligocene-Miocene faunal turnover. Faunal replacement is slow during the Lower and Middle Miocene and no new genera appear.
The Upper Miocene to late Quaternary interval sees the appearance of increased numbers of new species. Many of these are immigrants from the Indo-Pacific, as demonstrated by Whatley and Ayress (1988) . The appearance of new species during this interval for such genera as Cytheropteron (9), Argilloecia, Eucythere, Krithe and Poseidonamicus (all with 3) is notable. Relatively few new genera appear in the area, however, and those which do are all rare. These are: Ahyssocythereis, Upper Miocene; Bathycythere, Lower Pliocene and Eopaijenhorchella and Rectohuntonia in the late Quaternary. Apart from these additions, the generic composition of the modem North Atlantic deep-sea fauna was established by the Upper Oligocene. Although migration continued apace from the Indo-Pacific into the North Atlantic during the Pliocene and Quaternary, many of the species which characterise the modem fauna were already established by the Miocene . Since the Miocene, no major compositional or ecological changes in the fauna have taken place.
In oceanic environments, planktonic organisms are likely to respond more rapidly to global changes than the benthos; the former are also likely to be influenced by relatively minor changes of short duration which are not directly experienced at the bottom. Notwithstanding this, both benthonic ostracods and foraminifera do register changes which are related to major global changes in palaeoceanography or climate. The strong similarity betwen the early Palaeogene deep-sea fauna and that of Upper Cretaceous shelf seas has been commented on above. Their wholesale survival of the end-Cretaceous extinctions probably indicates that they had, in the late Cretaceous, already adapted to downslope environments. The downslope migration of shelf stocks in the late Cretaceous, Palaeocene and Lower and Middle Eocene was unimpeded by the strong thermal gradients and the marked permanent thermocline which came into being with the formation of the psychrosphere in the late Eocene. The tectonic introduction of shelf faunas into the deep-sea (Whatley, 1983; Whatley et ul., 1983) was also likely to be more successful prior to the existence of a marked thermocline. The permanent thermocline is today a major ecological barrier (Angel, 1968) which effectively separates thermospheric and psychrospheric faunas. although some organisms, from sperm whales and elephant seals to planktonic ostracods (Gigantoc:vl,r-is) regularly migrate through it. The consequences of its imposition in the late Eocene are discussed by Benson 1975 , Benson et a/.. 1984 and Steineck ef a/., 1984 Many cosmopolitan deep-sea species appear in the Middle Eocene (Coles and Ayress, 1989 (1985) to account for an increase in benthonic foraminiferal diversity at this time.
In the North Atlantic, no major faunal turnover took place at the Eocene-Oligocene boundary, such as described by Benson ( 1975) . This was also not detected by Whatley etal. (1983) nor Millson (1988) in the Southwest Pacific. In the North Atlantic, the Upper Eocene fauna closely resembles that of the Lower Oligocene and the relatively few extinctions which take place over the interval are of rare species. A similar phenomenon was recorded, throughout the oceans, by Corliss et al. (1984) who demonstrated that Middle Eocene to Oligocene calcareous and siliceous microfossils exhibited only gradual faunal changes, with no mass extinctions at the Eocene-Oligocene boundary. Similarly, faunal turnover of benthonic foraminifera during the same interval was gradual and attributed to the replacement of the Eocene abyssal assemblage by eurybathic and long-ranging taxa. No major changes in the benthonic foraminiferal fauna of the North Atlantic were detected at the Eocene-Oligocene boundary by Tjalsma and Lohmann (1983) , at DSDP Site 549 by Miller et al.
(1 985), in deep water sediments from Barbados (Wood et al.,, 1985) nor worldwide (Corliss, 1981) .
Increased diversity in the Oligocene, may be the consequence of increased deep water circulation in the North Atlantic brought about by the opening of the Drake Passage, although the timing of this event remains somewhat controversial (Schnitker, 1980 Turner, 1987) . The modem psychrospheric ostracod faunas became established at this time as did the benthonic foraminifera (Belanger & Berggren, 1986) although Boltovskoy (1983) found that most Recent benthonic foraminiferal species ranged back to the Oligocene. A global temperature decrease of some 7 4°C due to the expansion of the Antarctic Ice Cap (Stanley, 1987) and the spillage of cold North Polar bottom waters into the North Atlantic, over the subsided Greenland-Iceland-Faroes-Scotland Ridge, produced the equivalent of modem North Atlantic Deep Water (NADW) (Schnitker, 1980) and in this medium its characteristic faunas have evolved.
The subsequent history of the North Atlantic ostracod fauna has been one of a gradual increase of new species, some of which such as Ahyssocythere sulcatoperforata, Aratrocypris rectopnrrec-ta, Cytheropteron testudo and Eucythere hyhoma have migrated into the area from the Indo-Pacific via the Cape of Good Hope and the South Atlantic (Whatley and Ayress, 1988) . Others may have originated in the Tethys and some, especially belonging to Krithe and Cytheropteron represent the Pelasgi of the North Atlantic. Either our samples were taken at too great an interval, or the deep-sea ostracods did not respond to the glacial and interglacial cycles of the Pleistocene. Possibly a programme designed to study these phenomena, based on much more closely spaced samples, might reveal changes in the faunas. However, Thomas (1987) , who studied the benthonic foraminifera of DSDP Sites 608 and 610, similarly failed to detect these cycles. The mid-Pliocene global warming interval is also not clearly indicated by the Ostracoda although it might be possible to argue that the peak of recorded diversity in NN 16 (Fig. 2) or the origination peak in NN 14 (Fig. 3) are reflections of this event.
